Two independent cDNA clones, identified as representing the mRNA of the nucleocapsid protein gene of peste-des-petits-ruminants virus, were sequenced. The longest insert was 1662 nucleotides, not counting the poly(A) tail, and it was estimated that about 21 nucleotides were missing from the complete gene sequence. The sequence contained one long open reading frame encoding a protein of 525 amino acids with a predicted relative molecular mass of 58008.
Two independent cDNA clones, identified as representing the mRNA of the nucleocapsid protein gene of peste-des-petits-ruminants virus, were sequenced. The longest insert was 1662 nucleotides, not counting the poly(A) tail, and it was estimated that about 21 nucleotides were missing from the complete gene sequence. The sequence contained one long open reading frame encoding a protein of 525 amino acids with a predicted relative molecular mass of 58008.
Comparisons of the nucleic acid and protein sequences of all the morbillivirus nucleoproteins so far determined indicated two major subgroups in the morbillivirus genus of the Paramyxoviridae: one group included canine and phocine distemper viruses, and the other rinderpest, measles and peste-des-petits-ruminants viruses. Pestedes-petits-ruminants virus was found to be slightly more related to canine and phocine distemper viruses than were measles and rinderpest viruses.
Peste-des-petits-ruminants (PPR) is an acute and highly contagious virus disease of small ruminants. It is endemic in parts of Africa, the Middle East and also in Southern India (Lef~vre & Diallo, 1990; Shaila et al., 1989) . Clinically it resembles rinderpest in cattle and is characterized by pyrexia, ocular and nasal discharges, erosive stomatitis and diarrhoea. Like rinderpest, the causative agent of PPR is a virus belonging to the Morbillivirus genus in the family Paramyxoviridae. The other members of the genus include measles virus (MV), canine (CDV) and phocine (PDV) distemper viruses and new morbilliviruses isolated from dolphins and porpoises (Barrett et al., 1993; Visser et al., 1993) .
The morbilliviruses are enveloped pleomorphic particles which contain six structural proteins: the nucleocapsid protein (N), the phosphoprotein, the polymerase or large protein, the matrix protein, the fusion protein and the haemagglutinin protein (Diallo, 1990) . The genome consists of single-stranded RNA of negative polarity. Only the MV and CDV genomes have been entirely sequenced; they are 15 892 and 15 616 nucleotides long, respectively (Crowley et al., 1988; Sidhu et al., 1993) . They are divided into six transcription units separated from each other by a conserved trinucleotide sequence (Sidhu et al., 1993) . This genome organization appears to be the same for other morbilliviruses (Curran The nucleotide sequence data reported in this paper have been assigned the accession no. X74443 in the EMBL database.
et al., 1991) and is likely to be the same in the case of PPR virus (PPRV) since, in previous reports, we have shown similar electrophoretic migration profiles of proteins and mRNAs synthesized in cells infected with different viruses from this group (Barrett & Underwood, 1985; Diallo et al., 1987) . Here we report for the first time the nucleotide sequence of a cDNA derived from the mRNA for a PPRV protein: the N protein.
Poly(A) + RNA was isolated from Vero cells infected with the PPRV vaccine strain (Diallo et al., 1989a) . A cDNA library was made from this RNA in a pUC13 plasmid vector as previously described (Diallo et al., 1989b) . Virus-specific clones were identified using a probe made from 32P-labelled infected cell mRNA mixed with a 10-fold excess of unlabelled uninfected cell mRNA. Plasmid DNAs were purified from positive clones and were used to select 32P-labelled virus-induced mRNA according to the technique described by Barrett & Mahy (1984) . Clone B2-6 selected a labelled message corresponding in size to the nucleoprotein mRNA of PPRV (Barrett & Underwood, 1985) . Partial sequence analysis of the clone confirmed its homology with the N mRNA of other morbilliviruses but the AUG initiator codon sequence was missing. In order to obtain a fulllength N gene clone, another cDNA library was made in plasmid pT7T3D (Directional Cloning kit, Pharmacia) and screened using the cDNA insert of plasmid B2-6 as a probe. Four positive clones were selected but only one clone (NB71) was analysed further since partial sequence analysis had shown that it was the only one containing 
TGCAGAAATGATCTGCGACATTGAC~CTATATTGTAG~GCCGGACTCGCCAGTTTCAT 840 an AUG codon in a position corresponding to those of the other morbillivirus N genes. Both B2-6 and NB71 were subcloned into plasmid pBluescript KS + and were submitted to unidirectional deletion using exonuclease III and mung bean tmclease (pBluescript Exo/Mung DNA sequencing system, Stratagene) to obtain overlapping deletions ~r sequence analysis of the doublestranded DNA. Sequencing was carried out using the dideoxynucleotide chain termination method described ~r double-stranded DNA using T7 DNA polymerase (T7 sequencing kit, Pharmacia) with the M13 ~rward and reverse primers (Murphy & Kavanagh, 1988) . Some specific primers, based on the B2-6 sequence, were also (Genetics Computer Group, 1991) and analysed using the PHYLIP programs DNADIST and PROTDIST. The distance matrices were used to generate the phylogenetic trees using the KITSCH program (Felsenstein, 1989) . The branch lengths are proportional to the estimated mutational distances between the sequences and the hypothetical common ancestors that existed at the nodes in the trees. synthesized (Genset) and used to sequence part of clone NB71.
The sequence of the PPRV N gene, excluding the poly(A) tail, is shown in the message sense together with the deduced amino acid sequence in Fig. 1 . The sequences of four other morbillivirus N protein genes (MV, CDV, RPV and PDV) have been published (Cattaneo et al., 1988; Kamata et al., 1991; Blixenkrone-M611er et al., 1992; Sidhu et al., 1993) . The N genes of RPV and MV are both 1683 nncleotides long and those of CDV and PDV are 1677 nucleotides long. Alignment of the N gene sequences of the five morbilliviruses (data not shown) revealed that the insert of clone NB71, the longest cDNA clone of PPRV N we isolated, started at position 22. Therefore, it can be assumed that about 21 nucleotides of the complete gene are missing. The overall nucleotide identity of the PPRV N gene with those of RPV, MV, CDV and PDV was 68.8 %, 66.3 %, 64.5 % and 64-2 %, respectively. Phylogenetic analysis using the PHYLIP DNADIST and PROTDIST programs (Felsenstein, 1989) showed that the morbilliviruses formed two distinct subgroups: CDV and PDV in one and RPV and MV in another, as was noted in previous investigations Comparison of the PPRV N protein amino acid sequence with those of other morbilliviruses showed that the lowest similarity was with CDV (67'2 %) followed by PDV (68.0%) whereas that with RPV and MV was slightly higher at 72"9 % and 72.2 %, respectively. The same comparison carried out for RP¥ and MV N proteins gave 74.3% similarity, confirming the closer relationship between RPV and MV than between RPV and PPRV. Phylogenetic analysis based on the protein sequences is shown in Fig. 2(b) . Based on a comparative study of the different morbilliviruses using a panel of monoclonal antibodies (MAbs) to CDV and MV, McCullough et al. (1986) suggested that PPRV evolved relatively recently from RPV, which they proposed as the archevirus of the morbillivirus group (Norrby et al., 1985) . The present analysis, together with other sequence data for the PPRV P and F genes (Barrett et al., 1993; Meyer, 1993) , suggests that PPRV separated from the supposed archevirus long before MV.
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Alignment of morbillivirus N proteins (Fig. 3 ) defined four regions with varying degrees of homology. Region I, amino acids I to 122, was quite well conserved with PPRV sharing 82-8%, 81-8%, 78-5% and 75.2% amino acid sequence identity with MV, RPV, CDV and PDV, respectively, Region II, amino acids 123 to 144, showed only low homology with amino acid identities of 40 % or less. Region III, amino acids 145 to 420, was the most highly conserved area with 90'5 % identity to RPV, and 85 to 86 % to the other morbilliviruses. Finally, region IV, amino acid 421 to the C terminus, was the least conserved with 30.5%, 26-6%, 18"4% and 17.4% identity to MV, RPV, CDV and PDV, respectively.
Epitope mapping studies carried out by Buckland et al. (1989) showed that all epitopes recognized by anti-N MAbs specific to MV were located mainly in regions IV (C-terminal) and II, the least conserved areas of the protein. It is probable, therefore, that anti-N MAbs specific for either RPV (Libeau & Lefbvre, 1990; McCullough et al., 1990) or PPRV (G. Libeau, personal communication) will map to the same regions. When the N protein sequences of the morbillivirus and the paramyxovirus genera were compared six areas with identical or highly conserved amino acid residues were identified, all in hydrophobic stretches of the proteins. These were at the following amino acid residues: 73 to 79 (area 1), 173 to 178 (area 2), 271 to 280 (area 3), 329 to 344 (area 4), 352 to 358 (area 5) and 383 to 387 (area 6). Only the first conserved block was in the morbillivirus region I, the others being in the highly conserved region III, the most conserved part of the morbillivirus N proteins. Previous comparisons had identified three conserved clusters corresponding to areas 2, 3 and 4 in our alignments (Morgan, 1991; Lyn et al., 1991) . These highly conserved sequences may be in parts of the protein which are so essential for the function of the protein that strict constraints are imposed and only minor amino acid changes are tolerated. This work was supported by a grant from EEC-DGXII (contract no. TS2A-0178-F).
